Two field experiments were conducted at Sakha Agricultural Research Station, North Delta, Egypt during two successive growing seasons (2010-2011 and 2011-2012) to study the effect of nitrogen fertilization with and without K and B application on wheat yield in addition to evaluate quantitatively the response of wheat grain yield to fertilizer application using a polynomial quadratic equation. Five N levels ( 0, 30, 60, 90, and 120 kg N fed -1 ) were applied as a main plots, with 2 levels of K ( 0 and 50 kg K2O fed -1 ) as sub-plot, and B solution at 0.1% concentration sprayed after 70 days from sowing as sub-sub plots. The cultivated wheat variety was Sakha 69. The main results could be summarized as follows: 1-Increasing N levels up to 90 kg fed -1 led to a significant increase in the grain yield. Also, the grain yield was increased with potassium application in average by 2.5 %. Foliar application of boron resulted in increasing the grain yield in average by 2.48%. 2-The estimated values of the maximum N rate (xmax) were 2.76, 2.83, 2.78 and 2.77 units of N fed -1 . (one N unit = 30 kg) for the treatments of N only (A), N with B (B), N with K(C) and N with B and K(D), respectively. The estimated values of maximum wheat grain yield (Ymax) (17.051, 17.586, 17.788 and 18.140 ardab fed -1 for the four treatments, respectively) were increased by applying K and B fertilizers. 3-The economic optimum yield (Yopt) was obtained by applying the economic optimum rates (xopt
for the four treatments, respectively. Hence, it could be concluded that the maximum and optimum wheat grain yield (Ymax and Yopt) were increased by applying K and B fertilizers. 4-Relative efficiency of applied N fertilizer (EX) with different treatments could be arranged in the following descending order: D > C > B > A. The highest efficiency of soil N (exs) was obtained under treatment B. The highest value of soil N (xs) (1.486 unit fed -1 ) was obtained with A treatment. The contribution of applied N fertilizer increased with increasing N level and the highest value of applied N fertilizer contribution was obtained under D treatment. Also, the contribution of soil N decreased with increasing N application level up to 120 kg fed -1 (N4). The net return due to Boron spraying was 299.8 L.E fed -1 . Generally it could be concluded that increasing N level up to 90 kg/fed led to a significant increase in wheat grain yield. The maximum, optimum wheat grain yield (Ymax and Yopt), N use efficiency and the net return were increased by applying K and B fertilizers. Also the contribution of soil N decreased with increasing N application level up to 120 kg fed -1 . Keywords: Wheat yield response, N, K and B fertilization, optimum wheat yield, N Relative efficiency and net return.
INTRODUCTION
In Egypt, wheat consumption surpasses its production. The imported amount of wheat is about 50% of its consumption. Consequently, increasing wheat production is a must to narrowing the gap between the production and demand. Proper fertilization program is a good way to achieve this goal. The optimum rate of N, K and B fertilization is one of the important tools to conserve soil properties and improve its productivity as well as getting the maximum wheat yield. Faizy et al. (2012) showed that the grain yield of wheat was increased significantly by increasing N levels and the highest grain yield (2.25 tons fed -1 ) was obtained with 120 kg N/fed. Rashed (2011) and Allam (2005) stated that the highest wheat grain and straw yields were produced by applying 90 kg N/fed. Also, Shams El-Din and El-Habbak (1992) stated that the highest grain wheat yield and its components were produced by applying 80 kg N fed -1 . On the other hand, grain yield of wheat increased by 8% with potassium application compared without K and each Kg K 2 O increased grain yield by 3.33Kg (Abd ELhadi, 2004) . Haikel et al. (1996) found that raising potassium doses up to 24 kg fed -1 (K 2 O) markedly increased the wheat grain yield by 1.97 ardab fed -1
. El-Banna et al. (2004) and Magda and El-Mahgoby (2006) found that increasing the dose of Kfertilizer increased wheat grain yield and its components. Moreover, Saleh et al. (1982) stated that addition of N at any rate in combination with B at 1.2 kg fed -1 caused significant increase in wheat yield and its yield components. Hanafy Ahmed et al., (2008) stated that foliar application of boron to wheat (40 and 70 days after sowing) significantly increased shoots height and leaf area as well as grains yield/plant and weight of 1000 grains.
The objective of the current work is to study the effect of nitrogen fertilization with and without K and B application on wheat yield in addition to evaluate quantitatively the response of wheat yield to fertilizer application using a polynomial quadratic equation.
MATERIALS AND METHODS
Two field experiments were conducted at Sakha Agricultural Research Station, North Delta, Egypt during two successive seasons (2010-2011 and 2011-2012) to study the effect of different N, K and B fertilization levels on wheat grain and straw yields. The experiment was conducted in split-split plot design with four replicates, using 5 N levels (0, 30, 60, 90, and 120 kg N fed -1 in urea form 46.5%) as a main plots, with 2 levels of K (0 and 50 kg K 2 O fed -1 in K 2 SO 4 form) as sub plots and with B solution at 0.1% concentration (in boric acid form) sprayed after 70 days from sowing as sub-sub plots. Wheat variety Sakha 69 was planted on 9 th and 15 th of Dec. in the first and second seasons, respectively and all agronomic practices were conducted according to the standard recommendation for North Delta.
Surface soil samples (0-30cm depth) from experimental site were taken before planting in the two seasons and prepared for physical and chemical analysis. Soil salinity, anions and cations were determined according to Page et al. (1982) . Available N was determined according to Jackson (1967) . Available P was determined according to Olsen et al., (1954) . Available K was determined according to Page et al. (1982) . Particle size distribution of soil was carried out using the pipette method as described by Dewis and Fertias (1970) . The soil characteristics before planting of the two seasons are presented in Table (1). The crop yield was statistically analyzed according to procedures outlined by Cochran and Cox (1960) . The polynomial quadratic equation has been used to evaluate the wheat yield response to different N application rates under two levels of both The maximum yield and the relative efficiency were calculated according to Capurro and Voss (1981) . The maximum and optimum addition rate of N fertilizer x max and x opt , the optimum yield (Y opt ) and the soil N content (x s ) were calculated according to Balba (1989) . The efficiency and contribution of soil nitrogen were calculated according to Balba and Shabanah (1971) .
RESULTS AND DISCUSSION

I-Effect of N, K and B application on wheat yield: A-Grain yield:
Data in Table ( 2) indicate that increasing N level up to 90 N fed -1 led to increase wheat grain yield, but with N application rate above 90 kg N fed -1 a decrease in the grain yield is observed. The highest grain yield (17.98 and 18.26 ardab fed -1 . for the first and second seasons, respectively) were obtained under 90 kg N fed -1 in the presence of K and B. These results are agreed with that obtained by Abd El-Gawad et al., (1993) , El-Leithi et al. (1996) , Abou-Ahmed (1999), Allam (2005) and Rashed (2011) .
Also, the results show that application of potassium increased the grain yield by 3 % and 2% over the control in the first and second season respectively. The effect of potassium on grain yield was more pronounced with 90 kg N fed -1 . Similar result was recorded by El-Leithi et al. (1996) and Faizy et al. (2012) .
On the other hand, data indicted that foliar application of Boron resulted in increasing the grain yield by 3.48 % and 1.44 % over the control in the first and second seasons, respectively (in the presence of boron and absence of potassium). This increase in grain yield could be attributed to the ability of boron in affecting plant metabolism through controlling of hormonal level within plant tissues. Similar results were obtained by Thalooth et al. (1989) and Hanafy Ahmed et al., (2008) . However, the grain yield was increased by 5.77 % and 3.41 % in the first and second seasons, respectively with increasing N levels up to 90 kg fed -1 in presence of K and B. Table ( 3) show that the increase of N levels up to 120 kg/fed. led to increase the straw yield by 37 % over the control. In the first season, the highest straw yield value (4.75 ton fed -1 ) was obtained under 120 kg N fed -1 in presence of both K and B. While in the second season, the highest value (4.32 ton fed -1 ) was recorded with 90 kg N/fed in presence of both K and B. These results are in good agreement with that obtained by Rady and Abou-Al-Zahab (1990), Allam (2005) and Rashed (2011) . 
II-Quantitative Analysis:
The polynomial quadratic equations were established to express the response of wheat grains yield to N application with and without application of K or B as shown in Table(4) . 
-The maximum N rate (x max ):
The maximum N rate (x max ) for each treatment is calculated according the following relation derived from the equations 1 -4 according to Balba (1961) as follow:
The estimated values of the maximum N rate (x max ) are 2.76, 2.83, 2.78 and 2.77 units of N fed -1 for A, B, C and D treatments, respectively (one N unit = 30 kg) as shown in Table (5) . 
-The maximum wheat grain yield (Y max ):
The maximum wheat grain yield(Y max ) for each treatment were calculated according to the following relation derived from the equations 1 -4 according to Capurro and Voss, (1981) as follow:
The estimated values of maximum wheat grain yield (Y max ) are given in Table (6) .
-The economic optimum yield (Y opt ):
The optimum rate of N fertilizer applied are calculated by differentiating " Y" in the polynomial equations 1-4 with respect to "x" ( dy/dx) and then equating this derivative with the relative price (the ratio of the fertilizer unit price) to grain yield unit price. This relation can be derived as follows: The economic optimum yield (Y opt ) obtained by applying the economic rates (x opt ). x opt and Y opt are presented in Table ( 7) . The values of x opt are 2.63, 2.70, 2.65 and 2.64 units of N fed -1 for the previous mentioned treatments, respectively. The values of Y opt are 17.03, 17.57, 17.76 and 18.13 ardab fed -1 , respectively. Generally, it could be concluded that the maximum (Y max ) and optimum (Y opt ) wheat grain yield are increased by applying K and B.
-The predicted return from applying optimum rates:
The predicted return per feddan due to applying the optimum N rate for A, B, C and D treatments are presented in Table ( 7) . The highest value of net return was belonging to N application with B and K. The values of the net return could be arranged in the following descending order: D > C > B > A. ).
-The efficiency of applied N fertilizer (E x ):
The efficiency of any fertilizer is the amount of yield produced by the fertilizer unit. The relative efficiency of fertilizer at each increment is calculated by Cappuro and Voss (1981) according the following equation: Data in Table ( 8) shows that the values of N fertilizer efficiency (E x ) are increased by applying K and B. The values of E x could be arranged in the following descending order: D > C > B > A.
Table (8): The relative efficiency of N fertilizer (E x ), efficiency of soil N (ex s ) and soil N (x s ) as affected by different treatments (mean of two seasons).
-Efficiency of soil N (ex s ):
In equations 1-4 the first term B o represent the yield obtained without N fertilizer application. Efficiency of soil N could be calculated by dividing B o by K 2 SO 4 -extractable soil N as representative to soil N according to Balba and Shabanah (1971) . Data in Table ( 8) show that the highest efficiency of soil N (7.539) is obtained under B treatment (N with B). Efficiency of soil N with different combinations could be arranged dissentingly as follows: B > A > C > D. 7 -The soil N (x s ):
The equation Y = B o + B 1 x -B 2 x 2 could be used to calculate soil N. substituting the appropriate values for B o , B 1 and B 2 in the polynomial equation resulted in the value of x, which is the soil N as no fertilizer is present when Y=0 (Balba, 1989) . Table ( 8) shows the values of soil N (x s ). The highest value of x s (1.486 unit fed -1 ) was obtained with A treatment. The values of x s could be arranged descendingly as follows: A> B > C >D. 8 -Contribution of soil-N and fertilizer -N in grain yield: The polynomial equations 1-4 show that the yield "Y" consists of two components, namely: yield produced by soil-N and that produced by the applied N-fertilizer. The yield produced by N-fertilizer alone is the difference between the yields produced with and without fertilizer application. The values of x s were used to calculate the contribution of soil N and added Nfertilizer in grain yield as shown in Table ( It could be concluded from the data that the fraction of soil N was decreased when the fraction of applied N fertilizer increased at the same ratio. Also, the contribution of N fertilizer was increased with increasing N application level. The highest contribution values of applied N fertilizer were obtained under D treatment. In addition, data show that the contribution of soil N was decreased with increasing N application levels from N o to N 4 . 
-Feasibility analysis of Boron fertilization:
Table (10) show that spraying boron led to increase grain and straw yields of wheat by 0.6 ardab fed -1 and 0.6 heml fed Generally it could be concluded that increasing N level up to 90 kg/fed led to a significant increase in wheat grain yield. The maximum, optimum wheat grain yield (Y max and Y opt ), N use efficiency and the net return were increased by applying K and B fertilizers. Also the contribution of soil N decreased with increasing N application level up to 120 kg fed 
